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Abstract
Traditionally, melissopalynological and physicochemical analyses have been the most
used to determine the botanical origin of honey. However, when performed individually,
these analyses may provide less unambiguous results, making it difficult to discriminate
between mono and multifloral honeys. In this context, with the aim of better characterizing
this beehive product, a selection of 112 Lavandula spp. monofloral honey samples from sev-
eral regions were evaluated by association of multivariate statistical techniques with physi-
cochemical, melissopalynological and phenolic compounds analysis. All honey samples
fulfilled the quality standards recommended by international legislation, except regarding
sucrose content and diastase activity. The content of sucrose and the percentage of Lavan-
dula spp. pollen have a strong positive association. In fact, it was found that higher amounts
of sucrose in honey are related with highest percentage of pollen of Lavandula spp.. The
samples were very similar for most of the physicochemical parameters, except for proline,
flavonoids and phenols (bioactive factors). Concerning the pollen spectrum, the variation of
Lavandula spp. pollen percentage in honey had little contribution to the formation of samples
groups. The formation of two groups regarding the physicochemical parameters suggests
that the presence of other pollen types in small percentages influences the factor termed as
“bioactive”, which has been linked to diverse beneficial health effects.
Introduction
Lavender is the popular name for the plants of the genus Lavandula, Lamiaceae family. This
genus contains many species, among which several are grown extensively in temperate climates
for ornamental purposes, for use as aromatic herbs or for oil extraction. In beekeeping, the
Lavandula honey is greatly appreciated by consumers due to its pleasant aroma and flavour.
Recently, several research studies have studied the physicochemical and sensory properties of
this honey, as well as those related to their bioactive compounds [1, 2, 3, 4, 5].
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The botanical origin and the physicochemical and sensory properties of honey are critical
parameters that influence both product quality and market value. In Europe, the richness and
diversity of melliferous flora, both from wild species and cultivated plants, may give rise to a
variety of monofloral honeys [6].
The melissopalinogical and physicochemical analysis of honey have been the most fre-
quently used to ensure that a particular type of honey receives the designation of monofloral
and even a geographic certification [7, 8, 9, 10]. Quantitative pollen analysis provides impor-
tant data for the honey characterization, especially with regard to geographical origin, occur-
rence of nectar plants and harvest seasons. The melissopalynology can provide information
about the processes of filtration and extraction of honey, as well as the occurrence of fermenta-
tions, adulteration and contamination [11].
The identification of the botanical origin of honey is a difficult task, being all the currently
used methodologies associated to errors and unambiguous results [12]. In general, when the
pollen spectrum contains more than 45% of pollen of the same species, the so-called dominant
pollen, the honey is classified as monofloral [13]. However, such classification cannot be
applied to all plant species, since many types of pollen are considered representative even when
present in very low amounts, as in the cases of Lavandula spp. [3], Citrus spp., Rosmarinus offi-
cinalis [14] and Arbutus unedo [15] honeys. Also, several researchers consider that the melisso-
palynological and physicochemical analysis by themselves are insufficient to enable a non-
subjective identification of honey floral origin [16, 17].
Recently, the traditional techniques for monofloral honey characterization have been comple-
mented with other analytical methods, among which the studies of volatile organic compounds
using solid-phase microextraction-gas chromatography-mass spectrometry [6, 18], of honey’s
sugars profile by HPAEC-PAD [19] and of flavonoid glycosides using HPLC-MSn [20].
In addition, for a better characterization of monofloral honey some authors combine multi-
variate statistical procedures to the physicochemical or bioactive compounds analysis [21, 22,
23, 24, 25]. However, for melissopalynological analysis, many statistical techniques may be
unfeasible because usually the data do not follow a multivariate normal distribution. In such
cases, the Non-metric Multidimensional Scaling (NMDS) may be the solution, because it can
produce ordinations of objects in a reduced number of dimensions and from any distance
matrix, being therefore a flexible technique that can fit different types of data [26, 27]. NMDS
can model nonlinear relationships among variables, it can handle nominal or ordinal data and
does not require multivariate normality. As such, NMDS appears as a sound alternative to
methods like factor analysis and smallest space analysis [28].
The aim of this study was to characterize the monofloral honey of Lavandula spp. from dif-
ferent regions of Portugal using multivariate statistical techniques for melissopalynological,
physicochemical and bioactive compounds data analysis.
Material and Methods
Ethics Statement
No specific permits were required for the described field studies. The sampling sites are not
protected in any way and the field studies did not involve endangered or protected species.
Geographic origin of honey samples
The study area included apiaries from different regions of Portugal: Chaves (n = 10), Fafe
(n = 10), Mirandela (n = 10), Mogadouro (n = 10), Lousã (n = 10), Amieira (n = 12), Castelo-
Branco (n = 10), Santarém (n = 10), Montemor-o-Novo (n = 10), Odemira (n = 10) and
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Monchique (n = 10), totalizing 112 Apis mellifera honey samples that were harvested by beekeep-
ers and delivered to the laboratory, where these were kept at 25°C in the dark until analysis.
Samples’ characterization
The physicochemical properties of honey samples were performed according to the methods
previously described in detail [29, 30]. The evaluated parameters were: moisture (%), ash (%),
electrical conductivity (mS/cm), hydroxymethylfurfural content (HMF) (mg/kg), free acidity
(meq/kg), diastase activity (Schade units/g), reducing sugars (%), apparent sucrose (%), pH
and proline (mg/kg). The protein content (mg/kg) was determined according to the method
described by Nogueira et al. [31]. The total phenolic content of honey samples was estimated
following the Folin–Ciocalteau method [32]. For the total flavonoid determination, a method
described by Kim et al. [33] and modified by Al et al. [34] for honey sample was used. For each
honey sample we performed three replicates of each parameter (S1 Dataset).
All the samples were subjected to pollen analysis by acetolysis method [35]. The examina-
tion of the pollen slides was carried out with a Leitz Diaplan microscope (Leitz Messtechnik
GmbH, Wetzlar, Germany) at 400× and 1000× in order to make a sound identification of the
pollen types. A minimum of 1000 pollen grains were counted per sample. To recognize the pol-
len types, it was used the reference collection from the CIMO-Mountain Research Center
(Agricultural College of Bragança, Polytechnic Institute of Bragança) and different pollen mor-
phology guides. The following terms were used for pollen frequency classes: predominant pol-
len (P, more than 45% of pollen grains counted), secondary pollen (S, 16–45%), important
minor pollen (IM, 3–15%) and minor pollen (M, 1–3%) [13] (S2 Dataset).
Statistical analyses
Mean, medians, percentiles, and standard errors of the means (SEM) for physicochemical param-
eters, bioactive compounds (total phenol and total flavonoid) and pollen data were calculated.
The data of the physicochemical variables, phenolic compounds and Lavandula spp. pollen
percentage in honey were analysed by multivariate factor analysis. The pollen of Lavandula
spp. was included in this analysis because not only was it found in all samples, but its relative
frequency in honey was higher than 15%. Persano Oddo and Piro [1] and Gomes et al. [3] con-
sidered this percentage sufficient to characterize the honey as monofloral for Lavandula spp.
After we obtained the correlation matrix X’X, we performed a diagnosis of multicollinearity
based on the condition number. The adequacy of the data for the multiple factor analysis was
performed by using Bartlett's test of sphericity and the Kaiser-Meyer-Olkin measure of sam-
pling adequacy. Regarding the technique of factor extraction, we used the principal component
technique. The factors were extracted until we obtained the baseline of 60% of cumulative vari-
ance [36]. After we extracted the factor loadings, the factors were established by rotation by the
varimax method.
The data obtained in the physicochemical and melissopalynological analyses of the honey
were examined with Non-metric Multidimensional Scaling (NMDS), employing Euclidean dis-
tance after chord transformation. After we built the dissimilarity matrix with the normalized
data, we used the command “metaMDS” to generate random and interactive processes to find
the best solution possible. The goodness of fit measured of the NMDS was evaluated according
to "stress" and Shepard diagrams. Next, we added the information from a result of clustering
for ordering the NMDS. To do that, we calculated the clustering UPGMA of the dissimilarity
matrix. For the estimate of the fitting between the dissimilarity matrix and the dendogram gen-
erated, we calculated the cophenetic correlation coefficient (CCC). After we identified the clus-
ters, we tested the results of the physicochemical analyses using the t test of comparison of
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averages (p<0.05). All statistical analyses were performed using “R” statistical and program-
ming environment version 3.0.2 [37].
Results and Discussion
To assess the quality of Portuguese honey samples and to determine their botanical origin, we
carried out physicochemical analyses and determined the concentrations of the bioactive com-
pounds. In the analyzed honey samples, all physicochemical parameters fulfilled the general
honey quality standards established by the European legislation [38, 39], apart from diastase
and sucrose content. The diastase activity ranged from 4.55 to 25.21 Schade units (mean value
of 12.02 ± 0.36 SEM), while the percentage of apparent sucrose was between 0.87 and 14.23%
(mean ± SEM of 4.99 ± 0.31%). For the former parameter, 11% of the samples were not in
agreement with the legislated limits; for the later the percentage was higher– 24%.
In general, international legislation of honey determines that diastase activity should be not
less than 8 Schade units and the sucrose content not more than 5% [38, 39]. However, it must
be noticed that for some particular honey types like monofloral from Lavandula spp., current
norms and regulations allow values of diastase activity between 3 and 8 Schade units (since
HMF content is inferior to 15 mg/kg) and contents of sucrose until 15% [38, 39]. As such, it
can be assumed that the assessed honey samples were in accordance with the legislation,
because the HMF values were lower than 15 mg/kg and the relative frequency of Lavandula
spp. pollen higher than 15%, which is sufficient to consider the botanical origin of the honey as
monofloral of this plant [1, 3].
The total phenols, flavonoids and proline concentrations presented great variations between
samples, which can be confirmed by the highest estimates in the standard errors of the means.
However, in spite of these differences, the content of proline was always bellow 180 mg/kg.
This is important since according to Bogdanov [30] concentrations above that threshold could
indicate adulteration or suggest premature honeys’ harvest. Considering the other parameters,
except for the maximum and minimum values, 90% of the samples had less variation (Table 1).
In fact, the amount and type of bioactive compounds depends largely upon the floral source/
Table 1. Summary of physicochemical parameters and bioactive compounds in honey samples from Portugal beehives.
Parametersa High Low Median 5%tile 95%tile Mean (SD)b SEMc
Acidity (meq/kg) 39.65 2.80 25.93 15.81 36.05 25.72(6.74) 0.64
Ash (%) 0.54 0.04 0.16 0.08 0.42 0.20(0.11) 0.01
Conductivity(mS/cm) 0.86 0.16 0.31 0.20 0.75 0.37(0.17) 0.02
Diastase (Shade units) 25.21 4.55 11.80 7.06 18.71 12.02(3.84) 0.36
Flavonoids (mg/kg) 158.00 60.00 116.3 68.94 150.53 110.67(27.08) 2.56
HMF (mg/kg) 17.34 0.25 3.36 0.51 14.77 5.23(4.89) 0.46
Moisture (%) 19.12 14.25 16.30 14.96 18.71 16.53(1.09) 0.10
Ph 13.29 2.23 3.55 2.68 5.21 3.76(1.17) 0.11
Total phenols (mg/kg) 234.7 88.00 147.3 91.54 227.52 152.32(44.53) 4.21
Proline (mg/kg) 308.30 183.40 258.10 230.28 303.32 263.68(26.83) 2.54
Protein (mg/kg) 0.54 0.21 0.34 0.23 0.52 0.36(0.10) 0.01
Sucrose (%) 14.23 0.87 4.01 2.05 13.31 4.99(3.23) 0.31
Reducing sugars (%) 79.83 60.41 70.55 64.79 76.98 70.54(4.07) 0.38
a The values of each parameter were obtained from the analysis of 112 honey samples.
b Mean and Standard deviation (SD).
c Standard errors of the means (SEM).
doi:10.1371/journal.pone.0162206.t001
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variety of the honey, seasonal and environmental factors, as well as conditions of processing
and storage [40, 41].
Factor analysis was performed to describe the original set of physicochemical variables in a
smaller number of factors and to interpret through the factor loadings or model parameters the
correlations between these and the original variables. The Kaiser-Meyer-Olkin sampling ade-
quacy test was 0.61 and the Bartlett sphericity test was significant (p<0.001), indicating that
the correlation matrix X'X is not an identity matrix and that there are significant sample corre-
lations between the physicochemical variables, which is suitable for multivariate factor analysis
[36]. The multicollinearity diagnosis indicated low collinearity (condition number< 100), so it
was decided to not exclude any database variable.
Factor analysis indicated that 72.00% of the total variation of the physicochemical parameters
can be explained by the overall effect of the main five factors. The first five factors have eigenval-
ues that correspond to 23.00%, 16.00%, 13.00%, 13.00% and 8.00% of the total variance (Table 2).
Similar results were already reported by Marchini et al. [21] and Abadio-Finco et al. [22].
The final factor loadings, obtained by varimax rotation method, associated to each factor
are presented in Table 3.
Factor 1, named "bioactive", was very strong and positively associated with the proline vari-
able and very strong and negatively associated with the variables total phenols and flavonoids.
Factor 2, designated as “minerals”, was strong and positively associated with electrical conduc-
tivity, acidity and ashes variables. Factor 3, “botanical origin”, had a higher positive association
with the variables apparent sucrose and pollen of Lavandula spp. Factor 4, denominated “qual-
ity” was positively associated with the variables humidity, reducing sugars, pH and diastase.
Finally, the factor 5, “other variables” had a strong positive association with HMF variable, and
a negative association with the variables acidity and protein (Table 3).
The factor analysis was not able to reduce the number of original physicochemical variables
to produce ordinations of sampling sites in a two-dimensional graphic to classify honey sam-
ples. So, it was decided to use the NMDS to express the relation between variables, as well as
between the sampling sites and the variables and, then, the cluster analysis.
The corresponding Shepard diagrams (Fig 1) indicate that as adjustment levels are raised,
the distances portrayed in ordination space are more linearly related to those on which the cal-
culations are based.
Table 2. Initial Eigenvalues and cumulative variance.
Component Importance of components Standardized loadings
standard deviation % of variance Cumulative (%) SS loadings % of variance cumulative (%)
1 2.03 29.41 29.41 3.20 23.00 23.00
2 1.41 14.19 43.60 2.18 16.00 38.00
3 1.26 11.42 55.03 1.82 13.00 51.00
4 1.12 8.98 64.01 1.75 13.00 64.00
5 1.06 8.04 72.06 1.13 8.00 72.00
6 0.98 6.87 78.93
7 0.95 6.47 85.40
8 0.86 5.28 90.68
9 0.74 3.94 94.62
10 0.61 2.64 97.26
11 0.47 1.42 98.68
12 0.37 1.00 99.68
13 0.18 0.24 99.92
doi:10.1371/journal.pone.0162206.t002
Characterization of Lavandula Honey
PLOS ONE | DOI:10.1371/journal.pone.0162206 September 2, 2016 5 / 15
Table 3. Final factor loadings after rotation by varimaxmethod.
Variable Factora
1 2 3 4 5
Moisture 0.435 0.216 0.381 0.477 0.234
HMF 0.115 0.858
Reducing sugar 0.378 0.229 0.389 0.603 0.118
Sucrose 0.809 -0.317
Conductivity 0.963
Acidity 0.319 0.394 -0.115 0.274 -0.402
pH 0.623 -0.123
Ashes 0.968
Diastase 0.196 -0.206 0.697
Proline 0.978
Protein 0.22 0.247 0.326 -0.357
Total phenols -0.946 -0.171
Flavonoids -0.916 -0.111
Lavandula pollen 0.822 0.123
a Extraction method of factor loadings: principal component analysis. The five factors are established by varimax rotation method.
doi:10.1371/journal.pone.0162206.t003
Fig 1. Shepard diagrams of the NMDS results. (A) physicochemical data (normalized) and (B)
melissopalynological data (normalized). Dashed line signifies a perfect linear relationship between calculated
and ordination distances.
doi:10.1371/journal.pone.0162206.g001
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In Fig 2 is presented a more similar group of samples, located on the right and with higher
values for phenols and flavonoids, which are more correlated to each other. A second group of
similar samples located on the left in the ordination presented higher values for the other phys-
icochemical parameters, which are more correlated between them. In Fig 2, the associations
between the variables were similar to the factor analysis (Table 3), indicating the similarity
between the techniques for the obtained answers.
We extracted two groups using the criterion of the silhouette width from the result of cluster
analysis of honey samples in relation to physicochemical parameters (Figs 3A and 4). The
cophenetic correlation coefficient was 0.72, which is reasonable as a factor of hierarchical
representativity [42].
In Fig 4 it can be observed that the green group on the right differed significantly from the
red located on the left regarding the contents of flavonoids (p = 0.002) phenols (p = 0.0001)
and proline (p = 0.0001). On the other hand, it were not detected differences amongst groups
for the other physicochemical parameters, namely concerning protein content (p = 0.42) and
sacarose (p = 0.30) (Table 4). This highlights the great similarity amongst most of the samples,
except for the "bioactive" factor extracted by factor analysis (Table 3). Also, it suggests that
such differences on this factor may be due to the presence of other botanical families of pollen
apart from Lavandula spp. (non significative, p = 0.273).
The botanical origin is one of the factors that most influences the content of phenolic com-
pounds [43]. Even though we observed significant differences amongst groups regarding the
"bioactives" factor, this does not collide with the prior characterization of the samples as
Fig 2. NMDS biplot of a chord distancematrix of the physicochemical data in honey (stress = 0.04). Sites:
Mogadouro (1–10); Mirandela (11–20); Chaves (21–30); Castelo-Branco (31–40); Fafe (41–50); Lousã (51–60);
Santarém (61–70); Odemira (71–80); Monchique (81–90); Montemor-o-Novo (91–100) and Amieira (101–112).
doi:10.1371/journal.pone.0162206.g002
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monofloral honey of Lavandula spp. Indeed, studies conducted by Gomes et al. [3] also
described variations on the content of polyphenols and flavonoids between samples of mono-
floral honeys of Lavandula spp. harvested in Portugal, whilst the other physicochemical
parameters were statistically not different. Estevinho et al. [10] also observed differences on the
concentrations of phenols and flavonoids obtained for different samples harvested in different
places from the same region and with identical botanical origin. In addition, Meda et al. [44]
reported that the content of phenolics and proline differed significantly whether the samples
were monofloral or multifloral.
Concerning proline, regardless of the group, our results corroborate the obtained using
monofloral honeys from other underrepresented pollen types, among which Rhododendron
(264 mg/kg), Robinia (222 mg/kg) and Rosmarinus (271 mg/kg). On the other hand, our data
differed from the obtained with monofloral honeys from overrepresented botanical species,
like Castanea (585 mg/kg), Eucalyptus (528 mg/kg) andHelianthus (562 mg/kg) [1].
Proline, which may constitute up to 70% of the free amino-acid pool in pollen grains, has
long been regarded as playing a pivotal role to pollen vitality and fertility. Also, it has also been
reported to be associated with pollination, since appear to have a strong preference for proline-
enriched nectars [45]. In this context, the differences observed between groups regarding pro-
line content (p = 0.002) also support the presence of other polinic types apart from Lavandula
spp. that, as described above, may influence the concentration of bioactive compounds.
Fig 3. Bar plots showing the average silhouette widths for physicochemical data (A) and
melissopalynological data (B). The best partition by this method is the one with the largest average silhouette
width. For further details refer to [27].
doi:10.1371/journal.pone.0162206.g003
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Fig 4. UPGMA clustering of a matrix of chord distance among sites in a NMDS ordination plot for
physicochemical data (CCC = 0.72). Sites: Mogadouro (1–10); Mirandela (11–20); Chaves (21–30); Castelo-
Branco (31–40); Fafe (41–50); Lousã (51–60); Santarém (61–70); Odemira (71–80); Monchique (81–90);
Montemor-o-Novo (91–100) and Amieira (101–112).
doi:10.1371/journal.pone.0162206.g004
Table 4. Comparison between the groups extracted from the UPGMA cluster analysis of the chord distance matrix for physicochemical parame-
ters of honey.
Variables Grup 1 (n = 42) Grup 2 (n = 70) t p-value
Lavandula pollen (%) 36.27 ± 15.55 33.17 ± 10.69 1.09 0.273
Acidity (meq/kg) 24.99 ± 5.63 26.08 ± 7.23 -0.85 0.422
Ash (%) 0.19 ± 0.12 0.21 ± 0.11 -0.77 0.44
Conductivity (mS/cm) 0.36 ± 0.19 0.38 ± 0.16 -0.46 0.64
Diastase (°Gothe) 12.35 ± 3.67 11.85 ± 3.94 0.64 0.52
Flavonoids (mg/kg) 134.59 ± 14.80 98.87 ± 23.80 0.39 0.002*
HMF (mg/kg) 4.75 ± 4.51 5.47 ± 5.07 -0.74 0.46
Moisture (%) 16.44 ± 1.14 16.58 ± 1.07 -0.64 0.52
pH 3.90 ± 1.73 3.69 ± 0.77 0.72 0.48
Total phenols (mg/kg) 194.14 ± 26.23 131.69 ± 36.51 9.28 0.0001*
Proline (mg/kg) 246.34 ± 21.51 272.23 ± 25.10 -5.37 0.0001*
Protein (mg/kg) 0.35 ± 0.09 0.36 ± 0.09 -0.81 0.42
Sucrose (%) 5.51 ± 3.97 4.76 ± 2.79 1.03 0.30
Reducing sugars (%) 70.68 ± 4.01 70.47 ± 4.13 0.26 0.79
doi:10.1371/journal.pone.0162206.t004
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The concentration of bioactive compounds determined in this study for the samples of
monofloral Lavandula spp. honey was high. Polyphenols are naturally occurring compounds
found largely on plants that are generally involved in defense against ultraviolet radiation, oxi-
dative stress or aggression by pathogens, presenting pleiotropic health beneficial effects and
potential therapeutic applications [46].
The amino acid composition of food protein hydrolysates has been reported as a major
determinant of their antioxidant properties. Indeed, hydrophobic amino acids, among which
proline, leucine, valine and methionine, have been considered as very important in the protec-
tion against oxidative stress [47] reason by which their determination is an important comple-
ment whenever antioxidant activities of a food product are under assessment [44]. In addition,
the assessment of the interaction between peptides and other chemical components also allows
a more complete approach of the biological systems and their subsequent application on the
diagnosis and treatment of human diseases where free radicals are implicated [48].
In order to determine the nectar source of the honey samples, we performed melissopalyi-
nological analyses. We identified 25 pollen types out of 112 samples that we analysed, being
Table 5. Summary of pollen analysis in honey samples from Portugal beehives.
Genusa Numberb Samples detected Detection (%)
High Low 5%tile 95%tile Mean (SD)c SEMd
Aca 6 T, 4 S, 2 IM 0.00 30.93 0.00 3.53 0.92 (4.24) 0.40
Ant 11 T, 9 S, 2 IM 0.00 27.93 0.00 4.97 0.82 (3.21) 0.30
Api 18 T, 1 S, 15 IM, 2 M 0.00 18.72 0.00 6.29 1.04 (2.81) 0.27
Car 6 T, 5 IM, 1M 0.00 11.81 0.00 1.13 0.44 (1.99) 0.19
Cas 19 T, 13 S, 6 IM 0.00 37.87 0.00 26.10 3.46 (8.63) 0.82
Cha 5 T, 3 S, 2 IM 0.00 27.89 0.00 0.00 0.76 (3.94) 0.37
Cis 92 T, 56 S, 36 IM 0.00 40.50 0.00 34.42 15.96 (11.12) 1.05
Cys 46 T, 10 S, 36 IM 0.00 26.73 0.00 17.99 4.80 (6.71) 0.63
Ech 67 T, 44 S, 23 IM 0.00 41.00 0.00 37.93 13.17 (13.74) 1.30
Eri 35 T, 1 P, 15 S, 18 IM, 1 M 0.00 52.56 0.00 24.93 5.04 (9.54) 0.90
Euc 3 T, 1 S, 2 IM 0.00 17.78 0.00 0.00 0.23 (1.76) 0.17
Gen 6 T, 2 S, 4 IM 0.00 19.30 0.00 3.12 0.70 (3.15) 0.30
Lav 112 T, 23 P, 89 S 82.93 16.18 19.04 56.93 34.19 (12.52) 1.18
Leo 18 T, 2 S, 16 IM 0.00 21.15 0.00 8.64 1.44 (3.92) 0.37
Lev 1 T, 1 IM 0.00 11.75 0.00 0.00 0.10 (1.11) 0.10
Med 6 T, 1 S, 5 IM 0.00 16.40 0.00 2.17 0.52 (2.38) 0.23
Pin 2 T, 1 S, 1 IM 0.00 24.61 0.00 0.00 0.26 (2.37) 0.22
Pru 37 T, 11 S, 24 IM, 2 M 0.00 37.83 0.00 20.29 4.42 (7.99) 0.75
Que 7 T, 2 S, 4 IM 0.00 31.87 0.00 3.93 0.77 (3.76) 0.36
Rub 43 T, 11 S, 32 IM 0.00 30.06 0.00 17.99 4.70 (7.04) 0.67
Tar 19 T, 2 S, 16 IM, 1 M 0.00 17.96 0.00 11.83 1.55 (3.88) 0.37
Thi 5 T, 1 S, 4 IM 0.00 16.75 0.00 0.00 0.40 (2.19) 0.21
Tri 26 T, 4 S, 21 IM, 1 M 0.00 23.03 0.00 13.09 2.36 (5.04) 0.48
Vic 4 T, 4 IM 0.00 11.14 0.00 0.00 0.31 (1.67) 0.16
Oth 48 T, 29 IM, 19 M 0.00 10.30 0.00 6.71 1.65 (2.42) 0.23
a The values of each parameter were obtained from the analysis of 112 honey samples.
b T, Total samples; P, Predominant pollen (>45%); S, Secondary pollen (16 to 45%); IM, Important minor pollen (3 to 15%); M, Minor pollen (<3%).
c Mean and Standard deviation (SD).
d Standard errors of the means (SEM).
doi:10.1371/journal.pone.0162206.t005
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Cistus spp., Echium spp. and Lavandula spp. identified in more than 50% of the samples.
Eleven pollen types, Acacia spp., Cardus spp., Chamaespartium spp., Eucalyptus spp., Genista
spp., Levatera spp.,Medicago spp., Pinus spp., Quercus spp., Thimus spp. and Vicia spp. were
detected in less than 10% of honey samples. The pollen of Lavandula spp. was detected in all
samples, being its percentage higher than 45% in 23 samples and between 16–45% in the
remaining 89 honey samples. The percentage of pollen grains that were not Lavandula spp.
was greater than 45% in only one sample. In this honey, the percentage of pollen from Erica sp.
was 52.56% (Table 5).
Although the pollen of Lavandula spp. was found in all samples, it had a higher percentage
in those at the bottom of the ordination figure. The pollens of Castanea sativa, Erica spp. and
Rubus spp. (secondary pollens in 13, 15 and 11 samples, respectively), and of Quercus spp. and
Medicago spp. (detected in six and seven samples, respectively) are more closely associated
with each other and with the samples located at the top of the ordination figure. Some pollen
types, such as Acacia spp., Chamaespartium spp. and Pinus spp. had low frequency in the sam-
ples and lower contribution to the ordination (Fig 5).
We extracted two groups using the criterion of the silhouette width, from the result of clus-
ter analysis of honey samples in relation to pollen types (%) found (Fig 3B). The cophenetic
correlation coefficient was 0.75, which is reasonable as hierarchy representativeness factor
(Sneath and Sokal, 1973).
Fig 5. NMDS biplot of a chord distancematrix of the melissopalynological data in honey (stress = 0.19).
Genera plants added using weighted averages. Sites: Mogadouro (1–10); Mirandela (11–20); Chaves (21–30);
Castelo-Branco (31–40); Fafe (41–50); Lousã (51–60); Santarém (61–70); Odemira (71–80); Monchique (81–90);
Montemor-o-Novo (91–100) and Amieira (101–112).
doi:10.1371/journal.pone.0162206.g005
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In Fig 6, it was verified a great similarity between the samples in respect to the percent-
age of pollen types found in honey, resulting in the formation of only two groups. A group
of 18 samples, in green in Fig 6, represents the honey samples that had the lowest percent-
age of Lavandula spp. pollen, compared to the larger group in red. This same group had a
greater association with Erica sp., Rubus sp. and Castanea sp., which were secondary pol-
lens in many samples and pollen ofMedicago sp. and Quercus sp., which were found in few
samples and with a lower percentage in comparison to other pollen types (see Fig 5 and
Table 5).
Conclusion
It was observed great similarity between honey samples for most of the physicochemical
parameters with the exception of flavonoids, phenols and proline. The percentage of Lavan-
dula spp. pollen grains determined evidenced that all the honey samples under study were
monofloral for this specie. The higher percentage of flavonoids, phenols and proline regis-
tered in some honey samples may be due to the presence of other secondary pollen species
in the samples, particularly Erica spp., Rubus spp. and Castanea spp. Additionally, higher
percentages of Lavandula spp. pollen grains were associated with superior sucrose contents.
Furthermore, the sucrose content may be a parameter to assist in determining the botanical
source of honey.
Fig 6. UPGMA clustering of a matrix of chord distance among sites in a NMDS ordination plot for
melissopalynological data (CCC = 0.75). Sites: Mogadouro (1–10); Mirandela (11–20); Chaves (21–30); Castelo-
Branco (31–40); Fafe (41–50); Lousã (51–60); Santarém (61–70); Odemira (71–80); Monchique (81–90);
Montemor-o-Novo (91–100) and Amieira (101–112).
doi:10.1371/journal.pone.0162206.g006
Characterization of Lavandula Honey
PLOS ONE | DOI:10.1371/journal.pone.0162206 September 2, 2016 12 / 15
Supporting Information
S1 Dataset. Raw data for physicochemical analysis.
(XLSX)
S2 Dataset. Raw data for melissopalynological analysis.
(XLSX)
Acknowledgments
We would like to thank the beekeepers that donated honey samples for us to analyse.
Author Contributions
Conceptualization: LME EDC CALC VAAT.
Formal analysis: EDC.
Investigation: LME EDC APRP CALC VAAT.
Project administration: LME CALC.
Resources: LME CALC.
Writing – original draft: EDC LME APRP CALC VAAT.
Writing – review & editing: LME EDC.
References
1. Persano Oddo L, Piro R. Main European unifloral honeys: descriptive sheets. Apidologie. 2004; 35:
38–81. doi: 10.1051/apido:2004049
2. Castro-Vázquez L, Díaz-Maroto MC, Gonzalez-Viñas MA, Pérez-Coello MS. Differentiation of mono-
floral citrus, rosemary, eucalyptus, lavender, thyme and heather honeys based on volatile composition
and sensory descriptive analysis. Food Chem. 2009; 112: 1022–1030. doi: 10.1016/j.foodchem.2008.
06.036
3. Gomes T, Feás X, Iglesias A, Estevinho LM. Study of organic honey from the northeast of Portugal.
Molecules. 2011; 16: 5374–5386. doi: 10.3390/molecules16075374 PMID: 21709620
4. Castro-Vázquez L, Leon-Ruiz V, Alañon ME, Pérez-Coello MS. Floral origin markers for authenticating
Lavandin honey (Lavandula angustifolia x latifolia). Discrimination from Lavender honey (Lavandula lati-
folia). Food Control. 2014; 37: 362–370. doi: 10.1016/j.foodcont.2013.09.003
5. Sousa MEBC, Dias LG, Veloso ACA, Estevinho L, Peres AM, Machado AASC. Practical procedure for
discriminating monofloral honey with a broad pollen profile variability using na electronic tongue.
Talanta. 2014; 128: 284–292. doi: 10.1016/j.talanta.2014.05.004 PMID: 25059162
6. Persano Oddo L, Piana L, Bogdanov S, Bentabol A, Gotsiou P, Kerkvliet J, et al. Botanical species giv-
ing unifloral honey in Europe. Apidologie. 2004; 35: 81–93. doi: 10.1051/apido:2004045
7. Terrab A, Recamales AF, Hernanz D, Heredia FJ. Characterisation of Spanish thyme honeys by their
physicochemical characteristics and mineral contents. Food Chem. 2004; 88: 537–542. doi: 10.1016/j.
foodchem.2004.01.068
8. Gomes S, Dias LG, Moreira LL, Rodrigues P, Estevinho L. Physicochemical, microbiological, and anti-
microbial properties of comercial honeys from Portugal. Food Chem Toxicol. 2010; 48: 544–548. doi:
10.1016/j.fct.2009.11.029 PMID: 19909782
9. Szczęsna T, Rybak-Chmielewska H, EwaW, Kachaniuk K, Teper D. Characteristics of polish unifloral
honeys. I rape honey (Brassica napus L. var. oleifera Metzger). J Apic Sci. 2011; 55: 111–119.
10. Estevinho LM, Féas X, Seijas JA, Vázquez-Tato MP. Organic honey from Trás-Os-Montes region (Por-
tugal): chemical, palynological, microbiological and bioactive compounds characterization. Food Chem
Toxicol. 2012; 50: 258–264. doi: 10.1016/j.fct.2011.10.034 PMID: 22019893
11. von der OheW, Persano Oddo L, Piana ML, Morlot M, Martin P. Harmonized methods of melissopaly-
nology. Apidologie. 2004; 35: 18–25. doi: 10.1051/apido:2004050
Characterization of Lavandula Honey
PLOS ONE | DOI:10.1371/journal.pone.0162206 September 2, 2016 13 / 15
12. Anklam E, Radovic B. Suitable analytical methods for determining the origin of european honey. Am
Lab. 2001; 33(10): 60–64.
13. Louveaux J, Maurizio A, Vorwohl G. Methods of melissopalynology. BeeWorld. 1978; 59(4): 139–157.
doi: 10.1080/0005772X.1978.11097714
14. Bouseta A, Scheirman V, Collin S. Flavor and free amino acid composition of lavender and eucalyptus
honeys. J Food Sci. 1996; 61: 683–694. doi: 10.1111/j.1365-2621.1996.tb12181.x
15. Bianchi F, Careri M, Musci M. Volatile norisoprenoids as markers of botanical origin of Sardinian straw-
berry-tree (Arbutus unedo L.) honey: characterization of aroma compounds by dynamic headspace
extraction and gas chromatography-mass spectrometry. Food Chem. 2005; 89(4): 527–532. doi: 10.
1016/j.foodchem.2004.03.009
16. Guyot C, Bouseta A, Scheirman V, Collin S. Floral origin markers of chestnut and lime tree honeys. J
Agric Food Chem. 1998; 46: 625–633. doi: 10.1021/jf970510l PMID: 10554289
17. Baroni MV, Nores ML, Díaz MP, Chiabrando GA, Fassano JP, Costa C, et al. Determination of volatile
organic compound patterns characteristic of five unifloral honey by solid-phase microextraction-gas
chromatography-mass spectrometry coupled to chemometrics. J Agric Food Chem. 2006; 54: 7235–
7241. doi: 10.1021/jf061080e PMID: 16968088
18. de la Fuente E, Martínez-Castro I, Sanz J. Characterization of Spanish unifloral honeys by solid phase
microextraction and gas chromatography-mass spectrometry. J Sep Science. 2005; 28(9–10): 1093–
1100. doi: 10.1002/jssc.200500018
19. Cordella CBY, Militão JSLT, Clément MC, Cabrol-Bass D. Honey Characterization and Adulteration
Detection by Pattern Recognition Applied on HPAEC-PAD Profiles. 1. Honey Floral Species Character-
ization. J Agric Food Chem. 2003; 51: 3234–3242. doi: 10.1021/jf021100m PMID: 12744648
20. Truchado P, Ferreres F, Tomas-Barberan FA. Liquid chromatography-tandemmass spectrometry
reveals the widespread occurrence of flavonoid glycosides in honey, and their potential as floral origin
markers. J Chromatogr A. 2009; 1216: 7241–7248. doi: 10.1016/j.chroma.2009.07.057 PMID:
19683245
21. Marchini LC, Moreti ACCC, Otsuk IP. Análise de agrupamento, com base na composição físico-quí-
mica, de amostras de méis produzidos por Apis mellifera L. no Estado de São Paulo. Ciênc Tecnol Ali-
ment. 2005; 25: 8–17. doi: 10.1590/S0101-20612005000100003
22. Abadio-Finco FDB, Moura LL, Silva IG. Propriedades físicas e químicas do mel de Apis mellifera L.
Ciênc Tecnol Aliment. 2010; 30(3): 706–712. doi: 10.1590/S0101-20612010000300022
23. Sodré GS, Marchini LC, Moreti ACCC, Otsuk IP, Carvalho CAL. Physico-chemical characteristics of
honey produced by Apis mellifera in the Picos region, state of Piauí, Brazil. R Bras Zootec. 2011; 40(8):
1837–1843. doi: 10.1590/S1516-35982011000800030
24. de la Fuente E, Ruiz-Matute AI, Valencia-Barrera RM, Sanz J, Martínez Castro I. Carbohydrate compo-
sition of Spanish unifloral honeys. Food Chem. 2011; 129(4): 1483–1489. doi: 10.1016/j.foodchem.
2011.05.121
25. Ciappini MC, Stoppani FS. Determination of antioxidant capacity, flavonoids, and total ohenolic content
in eucalyptus and clover honeys. J Apic Sci. 2014; 58: 103–111. doi: 10.2478/ jas-2014-0010
26. Legendre P, Legendre L. Numerical ecology. 3rd edition. Amsterdam: Elsevier; 2012.
27. Bocard D, Gillet F, Legendre P. Numerical ecology with R. New York: Springer; 2011.
28. Jaworska N, Chupetlovska‐Anastasova A. A review of multidimensional scaling (MDS) and its utility in
Various psychological domains. Tutor Quant Methods Psychol. 2009; 5: 1–10.
29. Association of Analytical Chemists (AOAC). Official Methods of Analysis of Association of Official Ana-
lytical Chemists. 15rd. Virginia: Arlington; 1990.
30. Bogdanov S. Harmonised methods of the International Honey Commission. International Honey Com-
mission (IHC). 2009; 1–61. Available: http://www.ihc-platform.net/ihcmethods2009.pdf.
31. Nogueira C, Iglesias A, Feás X, Estevinho LM. Commercial bee pollen with different geographical ori-
gins: a comprehensive approach. Int J Mol Sci. 2012; 13(9): 11173–11187. doi: 10.3390/
ijms130911173 PMID: 23109845
32. Moreira L, Dias LG, Pereira JA, Estevinho LM. Antioxidant properties, total phenols and pollen analysis
of propolis samples from Portugal. Food Chem Toxicol 2008; 46: 3482–3485. doi: 10.1016/j.fct.2008.
08.025 PMID: 18804144
33. Kim Dae-Ok, Jeong SW, Lee CY. Antioxidant capacity of phenolic phytochemicals from various culti-
vars of plums. Food Chem. 2003; 81(3): 321–326. doi: 10.1016/S0308-8146(02)00423-5
34. Al ML, Daniel D, Moise A, Bobis O, Laslo L, et al. Physico-chemical and bioactive properties of different
floral origin honeys from Romania. Food Chem. 2009; 112(4): 863–867. doi: 10.1016/j.foodchem.
2008.06.055
Characterization of Lavandula Honey
PLOS ONE | DOI:10.1371/journal.pone.0162206 September 2, 2016 14 / 15
35. Erdtman G. Pollen morphology and plant taxonomy—Angiosperms. Stockholm: Almqvist andWiksel.
1952.
36. Hair JF, Black WC, Babin BJ, Anderson RE. Multivariate data analysis. 7rd. Up. Saddle River, NJ:
Pearson Prentice Hall. 2010.
37. R Core Team. R: a language and environment for statistical computing. Vienna: R Foundation for Sta-
tistical Computing. 2014. Available in: http://www.R-project.org/.
38. EU. Council Directive 2001/110/CE concerning honey. Official Journal of the European Communities
2002; L10: 47–52. Available: https://www.fsai.ie/uploadedFiles/Consol_Dir2001_110.pdf
39. Codex Alimentarius. Revised Codex Standard for Honey. Codex STAN 12–1981, Rev. 1 (1987), Rev.
2. 2001. Available: www.fao.org/input/download/standards/310/cxs_012e.pdf.
40. Lachman J, Orsák M, Hejtmánková A, Kovářova E. Evaluation of antioxidant activity and total phenolics
of selected Czech honeys. Food Sci Technol. 2010; 43: 52–58. doi: 10.1016/j.lwt.2009.06.008
41. Silici S, Sagdic O, Ekici L. Total phenolic content, antiradical, antioxidant and antimicrobial activities of
Rhododendron honeys. Food Chem. 2010; 121: 238–243. doi: 10.1016/j.foodchem.2009.11.078
42. Sneath PHA, Sokal RR Numerical taxonomy: the principles and practices of numerical classification.
San Francisco: W.H. Freeman; 1973.
43. Goldberg L. Patterns of nectar production and composition, and morphology of floral nectaries inHelic-
teres guazumifolia andHelicteres baruensis (Sterculiaceae): two sympatric species from the Costa
Rican tropical dry forest. Rev Biol Trop. 2009; 57: 161–177. doi: 10.15517/rbt.v57i0.21294
44. Meda A, Lamien CE, Romito M, Millogo J, Nacoulma OG. Determination of the total phenolic, flavonoid
and proline contents in Burkina Fasan honey, as well as their radical scavenging activity. Food Chem.
2005; 91(3): 571–577. doi: 10.1016/j.foodchem.2004.10.006
45. Pálfi G, Köves E. Determination of vitality of pollen on the basis of its amino acid contente. Biochem
Physiol Pflanz. 1984; 179(3): 237–240. doi: 10.1016/S0015-3796(84)80082-7
46. Khoudja NK, Boulekbache-Makhlouf L, Madani K. Antioxidant capacity ofcrude extracts and their sol-
vent fractions of selected Algerian Lamiaceae. Ind.Crop. Prod. 2014; 52: 177–182. doi: 10.1016/j.
indcrop.2013.10.004
47. Tanzadehpanah H,Asoodeh A, Chamani J. An antioxidant peptide derived from Ostrich (Struthio
camelus) egg white protein hydrolysates. Food Res Int. 2012; 49(1): 105–111. doi: 10.1016/j.foodres.
2012.08.022
48. Ziyarat P, Asoodeh A, Barfeh S, Pirouzi M, Chamani J. Probing the interaction of lysozyme with cipro-
floxacin in the presence of different-sized Ag nano-particles by multispectroscopic techniques and iso-
thermal titration calorimetry. J Biomol Struct Dyn. 2014; 32(4): 613–629. doi: 10.1080/07391102.2013.
785919 PMID: 23659247
Characterization of Lavandula Honey
PLOS ONE | DOI:10.1371/journal.pone.0162206 September 2, 2016 15 / 15
